Abstract: Whipple disease (WD) is a rare systemic disorder caused by the bacteria Tropheryma whipplei. In its classic form, it manifests with gastrointestinal problems including diarrhea, abdominal pain, and weight loss. However, various other systems can be affected, including the central nervous system (CNS). Even more rarely, the CNS is primarily affected without gastrointestinal symptoms and with a negative small bowel biopsy. The incidence of primary CNS WD is unknown. We report the case of a young female with the primary CNS form of WD. In this report, we highlight the main clinical features and diagnostic procedures that lead to the diagnosis and comment on the treatment and clinical response. We stress the importance of neuroimaging and brain biopsy. A unique feature of this case is that the patient has been followed up for 12 years. At the time of diagnosis, no neurological manifestations were detected, although a tumor-like lesion in the right temporal lobe and hypothalamic infiltration were present on magnetic resonance imaging (MRI). The first neurological manifestations developed 2 years later despite recommended antibiotic treatment, with cognitive impairment developing more than 10 years later. According to the MRI findings and clinical course, the disease was active for several years when multiple lesions on MRI appeared despite antibiotic therapy. In the discussion, we compare the present case with similar cases previously reported and we elaborate on the similarities and discrepancies in clinical features, diagnostic procedures, results, and treatment options.
Introduction
In 1907, GH Whipple described the case of 36-year-old man with abdominal pain, diarrhea, malabsorption, weight loss, fever, and arthralgia, 1 now known as Whipple disease (WD). This rare, chronic, multisystemic infectious disorder is caused by the bacterium Tropheryma whipplei (TW), which is related to the family of Actinomyces. 2 WD is characterized predominantly by intestinal involvement, but may affect a variety of other organs and systems including the lymphatic system, heart, joints, as well as the central nervous system (CNS). Approximately 20%-40% of patients suffer from neurological manifestations such as encephalopathy, ophthalmoplegia, myoclonus, ataxia, upper motor neuron manifestations, cognitive impairment, and hypothalamic manifestations. 3 CNS involvement carries a poor prognosis, with a mortality rate of approximately 25% within 4 years of diagnosis, and 25% of patients have severe neurological sequelae. 4 Approximately 60% of patients with CNS WD improve with antibiotic therapy. 3 Thus, prompt diagnosis and treatment are crucial for a favorable outcome. An isolated CNS form of WD without intestinal manifestation and with negative small bowel biopsy is extremely rare, with only a small number of cases previously reported. Thus, each new case has significant potential to expand our understanding of this rare disease. We report the case of a young woman with primary CNS WD followed for 12 years. Despite tumor-like findings on magnetic resonance imaging (MRI) at the time of diagnosis, the patient did not present any clear neurological manifestations. Neurological manifestations developed several years later, while receiving antibiotic treatment.
Case report
The 33-year-old Caucasian female was first admitted to our hospital in 2003. At that time, the patient had a history of two spontaneous abortions followed by amenorrhea and galactorrhea, and also a history of migratory arthralgia of the large joints. She suffered from nonspecific symptoms including lower back pain accompanied by mild fever. Despite a lack of neurological manifestations, the patient underwent several investigations including brain computerized tomography (CT) and MRI, which surprisingly showed a mass-like lesion in the right temporal lobe with cystic and infiltrative portions that partially enhanced following intravenous (IV) gadolinium administration. Additionally, a smaller lesion was detected in the hypothalamus (Figures 1  and 2 ). Glioma was suspected based on the imaging results, and stereotactic biopsy of the lesion was performed. Histological analyses revealed granular, foamy, periodic acid-Schiff (PAS)-positive macrophages with no signs of tumor. WD was suspected and then confirmed at a referential histopathological laboratory (Bonn, Germany) using PAS staining technique. For WD confirmation, the patient underwent a thorough gastroenterological evaluation including repeated duodenal biopsy; all 
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primary Whipple disease of the brain: case report biopsies were deep; histology was done with correct PAS staining and the specimens examined by experienced pathologists were found to be negative. The diagnosis of primary CNS WD was postulated and was supported by spinal tap, which showed polymerase chain reaction (PCR)-positive results for WD. Antibiotic treatment was initiated, first with IV ceftriaxone 2 g bid for 2 weeks followed by oral trimethoprim-sulfamethoxazole 160/800 mg bid. The fever subsided with treatment; however, the patient still suffered from lower back pain.
In 2005, the patient developed diplopia despite ongoing oral antibiotic treatment. Neurological investigation revealed vertical gaze paresis. Brain MRI was then performed, which showed partial regression of the temporal lesion, no significant change of the hypothalamic lesion, and two new lesions. One small lesion was situated in the right thalamus with discrete, central postgadolinium enhancement (Figure 3 ). The second new lesion had an infiltrative appearance and surrounded the cerebral aqueduct in the mesencephalon; discrete dotlike enhancement was also apparent (Figure 4 ). Antibiotic treatment remained unchanged and the patient's symptoms improved after a few days.
In 2006, the patient suffered from recurrent diplopia and paresthesia of the right arm. Vertical gaze palsy again was observed, and additionally, paresis of the left abducens nerve was also detected. Brain MRI showed a new masslike lesion in the brain stem with small ring-like, central, (Figures 5 and 6 ). The lesion previously observed in the right thalamus as well as hypothalamic infiltration had completely regressed. Remarkable regression of the initial mass-like lesion in the right temporal lobe was also noted. Spinal tap was again performed, and although the cerebrospinal fluid (CSF) was PCR-negative for WD, no other cause was found. Antibiotic treatment therefore remained unchanged (oral trimethoprim-sulfamethoxazole 160/800 mg bid).
A few months later, the patient stopped visiting our outpatient clinic and we had no contact with her for 8 years.
Her next visit took place in October 2014. At that time, she reported that she had stopped taking antibiotics. She denied any worsening of her neurological status in the previous period and was able to attend work as an office clerk. She still suffered from vertical gaze palsy and sixth cranial nerve paresis on the left side. MRI from November 2014 found no new lesions; the previous lesions had partially regressed. Resumption of antibiotic treatment was suggested but was refused by the patient.
In December 2014, the patient was found unconscious by her family. Upon admission to the hospital, she was severely dehydrated with hyperosmolarity, metabolic acidosis, and hypotension. After rehydration and correction of the acid-base dysbalance, she regained consciousness. Right-sided abducens paresis in addition to her previous ocular palsies and severe cognitive impairment was found. She suffered from short-and long-term memory loss and had retrograde amnesia spanning several months prior to the new episode. MRI showed diffuse brain atrophy and severe atrophy of the right hippocampus with hippocampal sclerosis (Figure 7 ). All enhancing lesions on MRI had regressed, only postinflammatory gliosis in the right temporal lobe and a small periaqueductal pseudocyst were found. Oral antibiotic treatment with trimethoprim-sulfamethoxazole 160/800 mg bid was reestablished. Unfortunately, her neurological status thus far (April 2015) remains the same. The patient signed the informed consent and agreed with publishing medical data in scientific literature in anonymous form. This case report was approved by the ethics committee of Na Homolce Hospital, Prague, Czech Republic.
Discussion

Clinical features
We reported a case of primary CNS WD in a patient followed for more than 12 years. Primary CNS WD is an extremely rare form of WD and its incidence is unknown. There are only sporadic case reports in the literature, 5 and according to their estimation, only 4%-5% of WD patients present with isolated neurological symptoms. 6 Interestingly, our patient did not suffer from any neurological symptoms at the time of diagnosis. The first manifestation of the disease was likely several years before the diagnosis was established, when she suffered from amenorrhea and galactorrhea. These manifestations were likely connected with the hypothalamic lesion apparent on the initial brain MRI. Hypothalamic involvement has been reported in some cases, 5, 7 typically presenting as polyuria-polydipsia; however, amenorrhea has also been reported. 6 The first neurological manifestations in the present case included diplopia and vertical gaze paresis, which developed 2 years after the initial evaluation despite proper antibiotic treatment; cognitive impairment developed more than 10 years after the diagnosis was established. These manifestations appear to be quite frequent according to cases previously reported. Louis et al 6 evaluated neurological signs in 84 WD patients with CNS involvement and reported cognitive changes in 71% of patients and supranuclear gaze palsy in 51%. Several studies 5, [7] [8] [9] have reported oculomasticatory myorhythmia, which appears to be a pathognomonic neurologic manifestation of CNS WD. According to the aforementioned survey by Louis et al, 6 the frequency of this manifestation is 20%; however, it was not observed in the present case. Others reported manifestations of CNS WD that include cerebellar ataxia, psychiatric signs, myoclonus, seizures, and cranial nerve abnormalities.
6,8-10
Diagnostic procedures
In the present case, brain MRI was one of the two essential examinations that led to the diagnosis of CNS WD, and 
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primary Whipple disease of the brain: case report the importance of MRI has been previously stressed. 11, 12 Panegyres et al 5 reported a case of primary CNS WD and compared their results with 19 previous cases. They reported that patients with primary CNS WD can be divided into two groups based on clinical manifestations and brain MRI as: 1) patients with focal neurological manifestations due to solitary mass lesion and 2) those with multiple neurological signs and symptoms and multiple nodular enhancing MRI or CT lesions. The present case shows features of both these groups combined, beginning with a mass lesion in the right temporal lobe with infiltration of hypothalamus and later, despite proper treatment, developing multiple smaller lesions and another mass-like lesion in the brain stem. The last MRI showed cerebral atrophy and marked hippocampal atrophy on the right. Brain atrophy has been previously described. 11 The second essential investigation in establishing the diagnosis was brain biopsy, which showed PAS-positive granular, foamy macrophages. Similar histological findings have been described in duodenal biopsies done in systemic WD patients with gastrointestinal symptoms. 7, 8 As WD is a systemic infection, these histologic findings can be present in various localizations such as the cardiac valves, synovial fluid, or lymph nodes. 7 Gerard et al, 7 in their report and review article, stress the importance of brain biopsy in primary CNS WD. Other studies support this opinion, 6 although the sensitivity of brain tissue biopsy in CNS WD is unknown. In a recently published article, Hagel et al 
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peregrin and Malikova comment on the methods used in brain tissue biopsy investigation. They state that PAS staining alone is insufficient for WD diagnosis and may yield false-positive results; further, they stress TW-specific immunohistochemistry and PCR as methods of choice.
PCR of the CSF played an important role in confirming the diagnosis in the present case. Several articles and case reports have mentioned this method and its importance. 5, 7, 13 Furthermore, CSF PCR can be positive not only in primary CNS WD, but also in the classic form of WD with gastrointestinal symptoms, 14 which again indicates that WD is a systemic disorder. The aforementioned article by Gerard et al 7 also suggests CSF PCR as a method for monitoring the effect of treatment. Our case does not support this recommendation as our patient had negative PCR CSF at the time of unequivocal progression.
Treatment
Our patient was initially treated with IV ceftriaxone for 3 weeks, followed by oral trimethoprim-sulfamethoxazole bid. Several antibiotics have been used in the treatment of WD including chloramphenicol, tetracyclines, penicillin, and streptomycin. 15, 16 Current treatment recommendations take into consideration the specific features of TW. First is its ability to cross the blood-brain barrier; up to 40% of patients with multisystem WD may have CNS involvement, including positive CSF PCR. 3, 5 Second is its intracellular persistence. 4 Therefore, for several years, treatment recommendations were the following: initial 2-week treatment with IV ceftriaxone 2 g daily, followed by oral trimethoprim-sulfamethoxazole 960 mg bid. 7, 8 Several articles commented on the efficacy of trimethoprim-sulfamethoxazole and initial ceftriaxone treatment. 15, 16 However, recent articles mention failures and relapses after trimethoprim-sulfamethoxazole treatment. 17, 18 This is being attributed to a possible trimethoprimsulfamethoxazole resistance, 17, 19 which was demonstrated in vitro. 20 Due to these findings, the current recommendations suggest bactericidal treatment with a combination of doxycycline and hydroxychloroquine. 17, 21 Our patient was treated in 2003-2005, so the previous trimethoprim-sulfamethoxazole guidelines were followed.
To the best of our knowledge, no studies are available on the proper duration of antibiotic treatment. 8, 17 Our patient was treated with trimethoprim-sulfamethoxazole for 3 years, during which time she underwent two episodes of progression, after the second and third year of treatment. The last episode of disease progression occurred when she was off medication, which she discontinued spontaneously while temporarily lost to clinical follow-up.
Apart from trimethoprim-sulfamethoxazole resistance, another possible cause of relapse in WD patients is the immune reconstitution inflammatory syndrome. This syndrome was first described in HIV-infected patients after initiation of antiretroviral therapy and later was observed in patients with leprosy and tuberculosis. It was demonstrated also in patients with WD. 22, 23 If this is the case, the patient can profit from corticosteroid therapy; thalidomide efficiency was also described. 24 We were not yet aware of the occurrence of immune reconstitution inflammatory syndrome in WD at time our patient relapsed in 2005 and 2006; therefore, steroid therapy was not applied.
Conclusion
We had the unique opportunity to follow a young patient with primary CNS WD for 12 years. During that time, several interesting features presented, such as initial hypothalamic manifestations and lack of proper neurological signs that eventually appeared 2 years after the diagnosis was made. Despite appropriate antibiotic treatment recommended at that time, we observed several episodes of disease progression, both clinically and radiologically, with variable lesions on brain MRI that varied from a tumor-like mass, hypothalamic infiltration, small lesions elsewhere in the brain, and finally brain atrophy and unilateral hippocampal sclerosis combined with the disappearance of all the aforementioned lesions. Thus, we emphasize the importance of early diagnosis, in which neuroimaging as well as brain biopsy may be helpful.
